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Humility

“Everything we hear is an opinion, ‘“The greatest accomplishment

not a fact. Everything we see is a of 20" century science has been

perspective, not the truth.” the discovery of human
ignorance.”

Marcus Aurelius, Meditations Lewis Thomas
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Electricityg A Basic Human Right

- 1.3 Billion people (1/6 of humanity) have no access to it
- Over 1 Billion more will be joining us In just ten short year:
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Climate ChangeAttribution and Prediction

https://z.umn.edu/GavinSchmidt

- Poorest of the poor are at the front line
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— Hadley Center/Climatic Research Unit
- NOAA National Center for Environmental Information

-  Berkeley Earth
—  Cowtan & Way
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On to the 21st C...

Serious Mitigation

Aggressive Mitigation




Human Activity

Fossil fuel versu:
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Transportation versus Electrieower Sector

Energy-related carbon dioxide emissions (Jan 1988 - Sep 2016)
million metric tons of carbon dioxide (MMmt CO2)
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Fossil Fuel Reservdsi\{y Renewableper Year

Hydro
3-4 TWy yr
2009 2050
16 TWy yr 28TWy yr
‘ m Wind
2570 TWy yr

Annual World Energy
Consumption®

0% Solar
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- Shiftall our Energy Use to Electricity
- Generate Electricity from Renewables

- Conservation
- Sustainability mindset

SciencAlone Cannot Stop Glob&Varming
- humanattitudes mustchange.



~10 g CO,eq/kWh

Photovoltaics (PV)
A Wind 100 times cleaner h\
A Solar 25 times cleaner (Za0 g O eankwh >

~1000 g CO,eq/kW
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Comparative Cost of Energy: How Wiadd Solar Stacklp

Solar PV—Rooftop Residential

Solar PV—Rooftop C&I¥

Solar PV —Commmunity 378

Solar PV—Crystalline Uﬂ]itF—SCEIJ.E-'-b. sdn'™ £58

Solar PV—Thin Film Utility-Scale™

Solar Thermal Tower with Storage™

Fuel Cell*

Microtnrbine # 570

Seothermial
Biomass
Witud

Energy EfﬁEiEill'_"_':':h. 550
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5193

5136

Coal: $65/MWh
Gas: $52/MWh

Solar: $43/MWh
Wind: $32/MWh

Diesel Reciprocating Engine® ¥
Mataral Gas Reciprocating Engine D4 $68
(as Peaking
1coc”
MNuclear®
Coal™
Gas Combined Crycle
50 350

Sowerce: Lagard extimates.
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£150
Levelized Cost (5,/MMWh)

2200

5300

" Rooftop Solar: $184/MWh
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Very basic ideas, terminologies, and
apparatus In electric power systems



Electric Power SystemsAC

Color Key: Substation
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- A Wind Power Plant
- A Solar Power Plant
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Interconnected North American Power Grid

9 . % U 200,000 miles of transmission lines

e e - %0 10,000 generators
TR T - e b U All rotating in synchronism
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Coal and Gas Power Plants
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Hydro Power Plants
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Nuclear Power Plants



